Objectives: To describe survival of 1226 Scottish adults with amyotrophic lateral sclerosis/motor neurone disease (ALS/ MND). Methods: Ten year, prospective, population based disease register. Cox time dependent proportional hazards modelling for multivariate survival analyses. Results: Median survival from onset was 25 months (interquartile range 16-34 months). In multivariate models we found an increased hazard with more recently diagnosed cases-that is, there was an unexpected decline in survival over the 10 year period (hazard ratio (HR) 1.06 (95% CI 1.04 to 1.09). Positive effects on survival were demonstrated for longer time from onset to diagnosis (HR 0.38 (95% CI 0.33 to 0.42), assessment by a neurological specialist (HR 0.56 (95% CI 0.40 to 0.77), and treatment with riluzole (HR 0.24 (95% CI 0.14 to 0.42). Poor prognosis was associated with bulbar onset (HR 1.25 (95% CI 1.09 to 1.46) and a mixed lower and upper motor neurone syndrome (HR 1.23 (95% CI 1.01-1.49) and increasing age. Conclusions: We found an unexpected decline in survival over the 10 year period, despite controlling for potential confounding variables. We would be cautious about overinterpreting these observations and suggest that further research is required to confirm or refute these findings.
T raditionally, average survival of patients with amyotrophic lateral sclerosis/motor neurone disease (ALS/ MND) is estimated to be two to three years from onset. In recent years the management of ALS/MND has changed, primarily through the use of riluzole-a glutamate antagonist shown to increase survival in randomised controlled trials 1 2 -and the introduction of nutritional support methods such as percutaneous gastrostomy (PEG) feeding tubes. 3 Observational data have demonstrated improved survival in recently treated cases, particularly when treated with riluzole. 4 5 However, a recent population based study from Rochester showed a non-significant trend towards reduced survival in people diagnosed since 1990 (compared with diagnoses made pre-1990). 6 A population based survey in Ireland did not find evidence of increased survival over time, but that improved survival was associated with attendance at a multidisciplinary ALS clinic. 7 To explore temporal trends in survival we studied the prognosis of 1226 Scottish adults diagnosed between 1989 and 1998.
METHODS
The Scottish Motor Amyotrophic Lateral Sclerosis/Motor Neurone Disease Register was a prospective study with multicentre research ethics approval. 8 Potential cases of ALS/MND were identified from multiple sources. After notification, neurologists with experience of epidemiologic research scrutinised the medical records of each person for evidence consistent with a diagnosis of ALS. If a patient was felt to have a clinical diagnosis of ALS, they were eligible for inclusion in the register and were classified according to the modified World Federation criteria or the El Escorial criteria. For the first 614 patients (diagnosis made in 1989-93) we used modified World Federation of Neurology diagnostic criteria. 8 For the following 612 patients (diagnosis made in 1994-98) the El Escorial criteria 9 were used. Suspected ALS was included in the El Escorial group, so that those presenting with lower motor neurone syndromes (and no evidence at registration of upper neurone involvement) were included throughout the course of the ten year study. Autopsies, obtained in the course of usual clinical practice, provided neuropathological confirmation of the clinical diagnosis in 69 people. One other case had a clinical diagnosis of ALS but pathological examination demonstrated Alzheimer's pathology.
We recorded whether a patient attended a neurologist or non-neurologist, and if they had received riluzole by the time of registration. From case records, we obtained the time from onset to diagnosis, location of symptom onset (bulbar or spinal), and presence of isolated lower motor neurone syndrome or mixed upper and lower motor neurone syndrome. We received the dates of deaths from the Office of the Registrar General for Scotland on an annual basis. The last full year for which we have complete death notification is 1999.
Of the 1226 people with ALS, 130 had a hospital discharge coded for gastrostomy or endoscopic gastrostomy during the study period. We obtained these hospital discharge codes from a record linkage study, approved by the Scottish Office, with the Scottish Morbidity Records dataset.
Survival analysis
We investigated survival using Cox time dependent regression modelling. The following variables were considered: year of diagnosis, age at onset, bulbar onset (compared with spinal onset), lower motor neurone syndrome versus mixed upper and lower syndrome, assessment by a neurologist, usage of riluzole, time from onset to diagnosis, sex, family history of ALS/MND, PEG tube procedure, and diagnostic criteria used. Hazard ratios were calculated for each variable, and were significant at the 0.05 level if 95% confidence intervals did not include 1. We derived the final model using a stepwise method. Factors which did not contribute to survival (at a significance level of p,0.05) were omitted from the final model. In particular, a variable to discriminate people whose disease was diagnosed with the El Escorial criteria from those whose diagnosis was made with the modified World Federation criteria was removed from the final model as it did not contribute to survival. For the time Abbreviations: ALS, amyotrophic lateral sclerosis; MND, motor neurone disease; PEG, percutaneous gastrostomy dependent covariates we estimated hazard ratios at 0, 1, and 2 years.
RESULTS
We registered 1226 people with ALS, mean age at onset 65.2 (SD 11.9) years for men and 67.7 (11.0) years for women. The overall median survival from onset of symptoms was 25 months (interquartile range 16-34 months). The mean time from onset to diagnosis was 15.1 months (95% CI 14.0 to 16.2) with a median of 10 months (interquartile range 6.0-17.0). Five year survival was 11%. A total of 58 people (4.4%) survived more than eight years from onset of symptoms.
In the multivariate model (table 1) , independent adverse effects on survival remained for increasing date of diagnosis (from 1989 to 1998) and increasing age at onset. Even if cases with pure lower motor neurone syndromes were excluded, year of diagnosis remained an independent predictor of adverse survival (table 1) (table 1) .
Improved survival was associated with a longer time from onset to diagnosis, assessment by a neurologist, and treatment with riluzole (table 1) . Our final regression model was based upon 1048 patients (948 deaths, 92 censored) as the model excluded any case with one or more missing observations.
DISCUSSION
We identified an unexpected decline in survival during the ten year period 1989-98. The difference in median survival between those diagnosed in 1989-93 and those diagnosed in 1994-98 was 2.4 months (fig 1) . Even when controlling for confounding variables, including a variable to take account of the different diagnostic criteria (data not shown), or eliminating lower motor neurone syndromes (table 1), we were unable to eliminate this difference in a multivariate regression model. Before drawing further conclusions it is important to re-examine our data and make comparisons with other studies of survival of patients with ALS/MND.
In agreement with previous studies we found that increasing age at onset 10 and bulbar onset disease 11 predicted adverse survival, while the absence of upper motor neurone signs 12 at registration and a longer time from onset to diagnosis was associated with better outcome. As predicted from clinical trials, better prognosis was associated with use of riluzole. 1 2 Some authors have reported better survival in women, 13 while others have found better survival in men. 12 In this study, the largest population based survival analysis to date, sex was not a significant predictor of survival (table 1) .
In Scotland, over 80% of patients with ALS were managed by neurologists, and it appeared as if patients under their care had a better survival even when controlling for sex, bulbar onset, time from onset to diagnosis, and the use of riluzole. While this association may be spurious it does raise the possibility that the process of care for people with ALS is an important contributor to their survival. It is interesting that despite the introduction of riluzole and PEG we found a decline in average survival between 1989 and 1998. Clearly those who received riluzole had a survival advantage, but this effect was subsumed by a larger negative effect associated with increasing year of diagnosis. Since our register's inception, we are confident that ascertainment in our population has been near complete, and there is no evidence that we are identifying an increasing number of previously undetected patients with severe illness. Our method of ascertainment did not change in the ten year study, with patients accepted on the basis of a clinical diagnosis of ALS/MND. We emphasise that the diagnostic criteria have been applied following clinical diagnosis, and even when taking into account the two sets of criteria, or eliminating contentious lower motor syndromes a decline in survival appears to have been observed.
The recently reported data from Rochester suggested a trend towards poorer survival in recently diagnosed cases (pre-1990 v post-1990). 6 Owing to their small sample size no conclusions could be drawn, but our observations add strength to the hypothesis that despite attempted therapeutic interventions there is an overall decline in expected survival. A recent population based survey from Ireland reported increased survival (for those with bulbar onset disease) attending a specialist ALS clinic. Using Kaplan-Meier methods they compared 1996-1998 against 1999-2000 and found no change in length of survival over time. 7 It is still unclear whether our observed reduction in survival over time is real. It is possible that our apparent declining survival is a statistical artefact due to confounding variables. However, if real, it is difficult to explain the counterintuitive finding of declining survival. Although ''right to die'' court cases have been highlighted in the media in the UK, we have no evidence from Scotland that increasing numbers of people with ALS are executing advanced directives or that euthanasia is being practised outwith present laws. While one may speculate that therapeutic nihilism could lead neurologists or other medical practitioners to withdraw treatment or nutritional support to hasten death, we are observing increasing use of riluzole and PEG tubes in our population indicating that ALS is being seen as a potentially treatable disorder. The apparent decline in survival could reflect increased patient autonomy, as patients, when given the choice, may opt for less aggressive therapy in the latter stages of their disease. A more palliative approach may reduce the duration of their survival, but this situation would be tolerable if the quality of the shorter life span was increased. However, until our observations are reproduced we would be cautious about making any further inferences about the care of people with ALS.
